The oil price is a relevant variable for economic policy makers in countries where this commodity is the main energy source as well as in other countries where crude oil is not the only energy source. The sudden variations in the crude oil price cause direct influence in the national economies bringing changes in foreign trade, investments and productive activities. Therefore, the crude oil market is very important for the economic development. Furthermore, crude oil is directly or indirectly present in all productive activities. This way the crude oil market is related to the industrial production indicators. Many researches aim at establishing the stochastic process that can represent the movements of macroeconomic indicators through the oil price returns or variations that have been done in recent years. The purpose of this work is to study the relationship between crude oil prices and selected industrial production indicators of the Brazilian economy. To do that this work carried out cointegration and causality tests, from VAR estimations, and impulse response analysis. The data used in this study is monthly macroeconomic indicators, mentioned above, and the Brent crude oil type price negotiated in the London Market. All data used is in US$. The period of the sample used is from
Introduction
Present in the global energy matrix crude oil is one of the most important energy sources in the world. It is an essential commodity in the global economy. Furthermore, petrochemical and chemistry industries produce or manufacture goods from petroleum, such as fertilizers used in agriculture for food industries.
Despite the progress in development of renewable energy sources in recent decades, crude oil and their byproducts remain directly or indirectly present in people's lives. Given this relevance, the crude oil price is an important variable for economic policy makers in national economies, where this commodity is the main source of energy as well as in worldwide economies.
The crude oil price movements are influenced by several factors that change randomly, for example, the weather, the available reserves, economic growth, changes in industrial production, political or geopolitical aspects, exchange rate variations, financial speculation, among others, such as sub-prime crisis and the recent fall in oil prices, caused by lower world demand or supply excess, events with large impacts on the crude oil market. These movements in crude oil international markets directly influence the international financial markets and the economy in general, causing changes in foreign trade, investment and all productive activities. Even having many possibilities for renewable energy, crude oil has a significant participation in the Brazilian energy matrix. According to the Brazilian government oil and gas agency, in 2014 crude oil and natural gas together accounted for approximately 44% of the Brazilian energy matrix. In countries with large reserves, the oil and gas industry often assumes an important role in economic development due to the high investments required for exploration and production of reserves. In Brazil, it was not different, the oil is directly or indirectly present in all sectors, the movement of oil prices is considered a relevant factor in the economic expectations. Therefore many studies have been developed to verify the influence of oil price movements in economic activities, in economic performance and macroeconomic indicators of national economies, such as gross domestic product rate, industrial production variations and changes of goods and services prices. These studies were conceived in order to establish a stochastic process, which represents the expectation of economic indicators activities of national economies through oil price movements traded in the international market. Moreover, if the impact of oil price return in macroeconomic indicator is understood, it makes the verification of crude oil price impact possible. This allows firms to make predictions taking into consideration the impact on consumption as well as on the price level of their products. On the other hand, financial speculators may use the relation between oil price and macroeconomic indicators estimates to achieve extraordinary profits in the financial market while economic policy makers may use these very estimates to develop public policies that will allow for economic development and growth.
The objective of this work is to study the relationship between crude oil prices traded in the international market and Brazilian industrial production indicators, which are important for economic policies makers, the firms and the economic agents in general. In order to achieve the purpose, the methodological approach of this work comprises tests on time series of these indicators and the oil price to verify causality and cointegration hypotheses and impulse response function, which establish short and long-term relationships between these indi-cators and the oil price.
The remainder of this paper was structured as follows. The next section presents studies that deal with the impact of crude oil on macroeconomic indicators on different economies and periods. Section 3 shows the methodological approach description, divided into six distinct parts: stationarity tests, cointegration tests, application autoregressive vector models (VAR) and vector models with error correction (VEC), causality tests and impulse response functions which is determined in the proposed econometric models. Section 4 presents the data used for this study is presented while the results obtained from the test and proposed models are presented in Section 5. The final comments are given in Section 6.
The Literature Review-A Brief
Given the importance of crude oil for economy, energy matrix and foreign trade, several studies has been done to observe crude oil price shock impacts on macroeconomic variables such as exchange rate, industrial production and trade balance, among others. These studies were carried out using various periods, countries or economic regions using different methodological approaches.
Among these studies it must be highlighted the [1] work which, using monthly data between the years 1972 and 1993, searched for the relationships between the oil price and the US exchange rate. For crude oil prices, the West Texas Intermediate (WTI) type real price and deflated price was used, while for the exchange rate, the real exchange rate between the US dollar and fifteen currencies of developed countries was used. The reference [1] study stationarity tests for selected time series, which indicated that these series are integrated of order one, were performed. From the Johansen-Juseilus cointegration test, [1] presented evidence of cointegration between the two series, which show a long-term relationship. Another inference highlighted by [1] is that the crude oil price causes the real exchange rate in the Granger sense, but the reciprocal is not true. The authors argue that the crude oil price has been dominated by shocks, especially in the 70s and early 90s, caused mainly by geopolitical conflicts and not by changes in demand from developed countries. Finally, [1] used a stochastic model with error correction mechanism, which showed significant predictive power for both values inside and outside the sample.
In another important work on this subject, [2] studied the crude oil price shock influences on economic activity and in general price levels, or inflation variation, between 1975 and 2002 in six countries in Asia: South Korea, Philippines, Japan, Malaysia, Singapore and Thailand. Reference [2] test the time series stationary hypothesis through Phillips-Perron and Dickey-Fuller augmented unit root tests, concluding that many series of macroeconomic variables as oil price in local currency and US dollars were integrate of order 1 or stationary in first difference. Using cointegration tests, the authors found no long-term relationship between crude oil prices and macroeconomic variables in the six Asian countries selected. On the other hand, the causality was found in the direction of oil prices in economic activities in South Korea, Japan and Thailand, when a structural change in the 80s was considered. In other relevant inference, [2] highlighted the existence of the oil price causality in the inflation of the six countries surveyed. In a study that examines the relationship between the global economic activity, the exchange rate and the oil price, [3] used the Kilian index as parameter to measure the level of global activity and an exchange rate index between the US dollar and a basket currency, as a proxy for the exchange rate. Using monthly data, in the period from 1988 up to 2012, of crude oil price, the Kilian index and exchange rate cointegration test and Granger causality test were implemented, and pointed out that the oil price and global activity are cointegrated.
The same occurs between oil prices and exchange rate. Therefore, it can be inferred that there is a long-term relationship between these variables. Another important inference by [3] pointed out that the economic activity index Kilian concerned to Granger oil prices in the international market influenced in the long term, the balance related to cointegration, as in the short term for the activity world economic.
Another relevant study on this subject was conducted by [4] Phillips-Schmidt-Shin (KPSS) tests to examine the time series stationary and concluded that time series studied did not have stationary in the level but can be considered integrated of order 1, or stationary at first difference. Reference [4] conducted tests and estimated autoregressive vector models (VAR) concluding that both the exchange rate and the crude oil price, accounting for a half of its exports in 2004, has cointegration with GDP and tax revenue of the country.
Reference [4] found evidence that, in the long-term, a 10% increase in oil prices is associated with a 2.2% increase in gross domestic product and 4.6% in tax collection in the country. While an appreciation in real terms the ruble was associated with a 2.7% fall in income, measured by gross domestic product. Despite the robustness of the statistical results, [4] points out that the parameter estimates should be viewed with reservations, since the analyzed period was short and extremely turbulent.
A survey that should be highlighted is the one by [5] , who conducted an extensive review of the literature on the impact of changes in oil prices on macroeconomic variables in different countries and time intervals. Using data regression models panel, the authors studied crude oil and natural gas impacts in industrial production of 18 countries of the Eurozone, such as Germany, France and Italy, between January 2001 and September 2013. Reference [5] concluded that oil prices and natural gas have a negative effect on the industrial production growth and a 1% change in the oil price and natural gas would cause, respec-tively, a decrease in industrial production by 19% and 18% in those countries.
Methodological Approach
Before using stochastic models for time series, it is important to check the violation of basic assumptions. A common assumption in many time series techniques of utmost importance is the stationarity. To test the stationarity of the time series worked in this study, the Dickey-Fuller test (ADF), inserted in the literature by [6] , was used. When using non-stationary series, the estimation models of linear regressions, there is the risk of carrying out spurious regressions, that is, with apparent statistical significance of the coefficients of determination but meaningless according to [7] . As noted by [8] , considering Z t and Y t two non-stationary time series a linear combination of time series voids the stochastic trends making the new time series stationary which characterizes the two time series as cointegrated. The linear regression model can be estimated as follows:
e t is a stochastic term. If, by submitting this stochastic term to a unit root test to test its stationarity, it can be concluded that these two time series are cointegrated and regression estimated between the two variables will not be spurious and, as highlighted by [9] , there must be a long-term relationship between them.
Reference [7] presents a detailed work about spurious regression when the variables related in regression models are nonstationary. Among the methods proposed in the econometric literature to test the cointegration in this research the Engle-Granger test, described in [10] , was used to test the hypothesis of cointegration between the crude oil price and the selected macroeconomic indicators. This test simply consists of applying a unit root test, in this work the ADF test, to verify the stationarity of the stochastic term e t or linear combination of the time series Z t and Y t . As the residual term is based directly on cointegrator parameter β 2 and the critical values calculated by Dickey and Fuller are not appropriate, [10] have calculated critical values for the test (see [9] ). The two time series cointegration refers to a long-term relationship between the series but nothing prevents imbalances in the short term. Therefore, as pointed out by [9] , stochastic term e t can be considered stationary as an equilibrium error and use it to relate the behavior of the two cointegrated time series in the short term with its equilibrium value long term.
In regression models, one variable is the dependent variable and the other the independent variable. However, there are situations where it is not exactly known which of the variables should be treated as a dependent variable. In these situations vector autoregressive models (VAR) can be used.
The VAR models are used to analyze the causal relationship between time series. One can assume the following model in which Z t and Y t are stationary time series, that is, integrated of zero order or I (0): with the first difference operators of these variables. Therefore, the equation system can be described as follows:
As all the above variables are stationary, one can estimate the model normally.
In general, if the two time series are integrated of order n, one can use that number of differences in the model described above.
A large number of lags can be a problem for small samples, since the estimate of all parameters consume many freedom degrees of a VAR model. Furthermore it must be highlighted that if the variables are integrated of order 1 and therefore not stationary, but are cointegrated the equation system should be modified to take into account this long-term relationship. This modified version is known as vector model with error correction or VEC model. Thus, if two time series are integrated of order 1 and cointegrated they can be related in the following equation:
By definition, since they are two cointegrated time series the stochastic term μ t presents stationary behavior. The VEC model is used to estimate the system of equations below where all the terms are stationary, as in the VAR model below:
Using the values of residual term lagged 1 t µ − , the VEC model can be represented as follows:
( )
This system can be written in following form:
( ) 
In the regression model above the parameters α 2 and α 4 are known as error correction coefficients, since they show the response magnitude of Z t and Y t variables given a variation of the residual term Although the analysis of regression models describe the dependence of a variable in relation to the other, the existence of a regression does not necessarily imply a Granger causality. In time series analysis a recurring issue is the existence and direction of causality between two variables. That is, the change in one variable causes a change in the other. To investigate the causality between the variables studied in this work we used the Granger causality test. One can assume two stationary time series Z t and Y t , for which there is interest in knowing if there is any causality between them. To do this, one can use the VAR with n lags as shown in the equation system below.
The VAR model described above can be extended to more variables increasing As noted by [11] , the study of impulse response functions has the purpose of understanding the effects of random shocks in a time series. The impulse response function allows to verify the behavior of a variable when the other, related to in the autoregressive vector model, suffers a shock or an impulse at a time t which propagates in future moments, for more details see [12] . A time series described by the autoregressive model with a lag is shown below:
Assuming the initial zero value to a time series, this study tries to infer how the values in this time series would behave given a unit shock at the start of the series, without other shocks. If ρ = 1, there is a unit root process and therefore the time series is no stationary. It should also be noted that in this specific case, the process would have infinite memory: the shock effect never scatters. However, when a value for the parameter is lower than a unit, the variable initially fully incorporates the shock value but returns to the null value, using the vector autoregressive model (VAR) described above in the following form:
In the model above two possible shocks, one for each variable, are found.
There are two response functions related to each shock, one for each variable. In total there are four response functions related to the VAR model and therefore it is possible to study the impact of a variable shock in the variable values itself and on the other variable values.
The Data-Sample Used
In addition to the crude oil price in the international market, the primary data used in this study refers to Brazilian industrial production indicators. The monthly crude oil prices used in this study were the Brent type crude oil prices traded in US dollars in London and collected from the EIA, the North American energy agency, for the period from January 2002 to October 2015. Indicators of industrial production, the industrial production indicators, released monthly by the Brazilian Statistical Institute (IBGE), were collected. According the IBGE these indicators are calculated by monitoring the production of about 830 products in 3700 industrial places. The index is released according to the use of industrial production categories, namely: 1) Overall Industry; 2) Consumer Goods; 3) Consumer Durable Goods; 4) Mining and Quarrying; 5) Manufacturing; 6) Capital Goods; 7) Intermediate Goods; 8) Semi and Non-durable Consumer Goods; and 9) Construction Inputs. The data used in this study were monthly industrial production indices by category of use, from January 2002 to October 2015, except for the construction inputs index, available only since January 2012. To characterize the time series used in this study, statistical summaries were performed. These summaries are intended to observe the average, the dispersion, the maximum, the minimum and the median values. Besides that the summary presents the skewness and kurtosis coefficients to verify the normality hypothesis, which is complementary with the Jarque-Bera (JB) normality hypothesis test. To characterize the time series selected, the stationarity hypothesis test, which is inserted in the summary, was performed.
As noted above, the non-stationarity is a recurrent problem in the study of time series. Therefore, additionally, the logarithmic returns of all the studied time series were calculated. The statistical summaries and stationary tests for all returns or variation of used time series was also performed. These returns were calculated using the following formula: Table 1 . Brazilian Industrial Production Indicators: 1) Overall Industry; 2) Consumer Goods; 3) Consumer Durable Goods; 4) Mining and Quarrying; 5) Manufacturing; 6) Capital Goods; 7) Intermediate Goods; 8) Semi and Non-durable Consumer Goods; 9) Construction Inputs. Table 2 Semi and Non-durable Goods industrial production.
Results Obtained
As described earlier, the Engle-Granger test to examine the cointegration between crude oil prices and industrial production indicator time series studied here was performed. In the Engle-Granger cointegration tests, two regressions were performed for each industrial production indicators and crude oil price time series. In the first regression variable one variable is dependent and the other is independent, in the second regression the dependence changes. The cointegration hypothesis is not rejected only if both regression models indicate that cointegration hypothesis should not be rejected. If they are not, one should reject the null hypothesis and conclude that the series are cointegrated and therefore, there is a long-term relationship between them. that showed no cointegration the VAR models are used to observe the behavior of time series returns studied here and the significance of crude oil price on them. These models were built using the log returns or the log variations of the time series studied. As shown in Table 1 To obtain impulse response functions that permit to observe the oil price return shocks repercussion in the Brazilian industrial production indicators, VAR models were proposed. As mentioned in the methodological approach each VAR model estimated has four impulse response functions associated, that are pre- shock in oil prices return, and also this response quickly was dissipated.
Conclusion and Final Comments
This study aimed to test hypothesis for establishing short and long-term relationships between industrial production indicators of the Brazilian economy and crude oil price in the international market.
It must be noted that industrial production indicators of the Brazilian economy time series stationary test conducted indicated that the industrial production of Capital Goods, Consumer Goods as well as Semi and Non-durable Consumer Goods time series are integrated in an order greater than unity. Thus, the stationarity assumption can not be accepted for these time series, hindering the work done here. Another problem to be observed concerns the period studied. In the sample interval, fuel prices in Brazil did not fluctuate freely once the Brazilian government authorities imposed a fuel price control seeking to contain inflationary pressures, that is, in an attempt to control prices in the economy. Through the cointegration tests, it can be inferred that there is evidence of a long-term relationship between Brent crude oil price and indices of Overall Industry, Intermediate Goods, Manufacturing and Construction Inputs. The causality tests point out that the Brent oil price returns should allow the understanding of industrial production sectors variations in the Brazilian economy, namely: the Consumer Durable Goods, the Intermediate Goods and the Mining and Quarrying industry. Finally, the impulse response functions from the proposed autoregressive vector models were obtained.
Therefore, the objectives of this study were achieved and the results can be taken into account in the estimation of short and long-term relationships to explain industrial production indicators of the Brazilian economy through changes in oil prices in the international market.
Thus, the preparation of studies seeking to establish appropriate models for the prediction of the Brazilian economy leading indicators, which can provide alternatives to formulate key economic policies for the Brazilian economic growth, is what is suggested for future works that may continue this research.
